To examine outbreaks of mange in raccoon dogs (Nyctereutes procyonoides) with respect to population density, we analyzed camera trap videos, and isolated mites from raccoon dog carcasses. In a camera trapping survey, we categorized the skin condition of raccoon dogs, and used a number of independent videos to calculate the relative abundance index (RAI). The RAI of raccoon dogs with alopecia increased following an increase in the RAI of those without alopecia. Among 27 raccoon dog carcasses, 12 showed mange-compatible skin lesions. Sarcoptes scabiei was isolated from 11 of these raccoon dogs, indicating that sarcoptic mange was endemic in our study area. Therefore, a high relative population density may be a factor underlying epizootics of sarcoptic mange in raccoon dogs.
doi: 10.1292/jvms.17-0092 camera trapping survey was carried out from June 25, 2011 to August 29, 2016 . The skin condition of raccoon dogs recorded on video was evaluated to identify those with and without alopecia. When the skin condition was difficult to identify in a video, it was defined as "indeterminable." Further, the number of individual raccoon dogs obtained by the camera trapping survey was counted. When multiple raccoon dogs were recorded on a video simultaneously, the largest number of raccoon dogs recorded at once was determined. To avoid overestimation, successive observations were defined as independent when they were separated by more than 3 min [13] . The camera trap data were divided into four seasons: spring (March-May), summer (June-August), autumn (September-November), and winter (December-February). To estimate raccoon dog population densities, the number of independent video observations for each individual per 100 Camera-Nights (one camera active for one night=one Camera-Night) was estimated as the RAI using the following formula [14] : RAI=(number of individual raccoon dog observations)/(number of days a camera was active)×100 Camera-Nights.
The proportion of raccoon dogs with alopecia was calculated as follows: Proportion of raccoon dogs with alopecia=(RAI of raccoon dogs with alopecia)/(RAI of all raccoon dogs)×100.
To determine seasonal and long-term changes in camera trap data for each category, we compared RAI values for each category among seasons using the Kruskal-Wallis test. Statistical analyzes were performed using R 3.1.2 software (https://www.r-project. org/).
A total of 2,945 observations of raccoon dogs were obtained, of which 2,596 showed raccoon dogs without alopecia (Fig. 3a) , 278 videos showed raccoon dogs with alopecia (Fig. 3b) , and 71 videos showed raccoon dogs of indeterminable status. RAIs for raccoon dogs with and without alopecia changed significantly both yearly and seasonally (with alopecia: χ 2 =37.9, df=20, P<0.05; without alopecia: χ 2 =45.4, df=20, P<0.05; Fig. 4 ). On the other hand, RAIs for animals in the indeterminable group did not differ significantly over time (χ 2 =21.2, df=20, P>0.05, Fig. 4 ). The RAIs of raccoon dogs with alopecia increased in the summers of 2011 and 2013, and the winter of 2014. In particular, the proportion of raccoon dogs with alopecia in the summer of 2013 was 50.6%. The RAI of raccoon dogs without alopecia showed an increasing trend in the autumn and winter of 2012 (Fig. 4) ; it is possible that the raccoon dog population density increased. Some previous studies have reported raccoon dogs with alopecia being infested with S. scabiei [7, 24, 25] . However, alopecia is also caused by other factors besides sarcoptic mange [8, 19, 26] . Therefore, to confirm that sarcoptic mange in raccoon dogs was endemic in our study area, we isolated mites from raccoon dog carcasses. Between March 28, 2014 and March 31, 2015, 27 raccoon dog carcasses were collected in the Misato, Miyazawa, and Jumonji areas of Takasaki City, Gunma Prefecture. These animals were captured as part of pest control measures for the prevention of agricultural damage, and were killed by licensed hunters on behalf of Takasaki City. Collected raccoon dogs were classified, based on skin condition, into those with or without mange-compatible lesions, such as alopecia, on their skin. Skin lesion samples were collected and frozen until used to identify mite species. Using a scalpel for scraping, samples were placed in a 15% potassium hydroxide (KOH) and 40% dimethyl sulfoxide (DMSO) solution [30] , and mounted on glass slides for microscopic observation. Isolated mites were identified as S. scabiei according to Fain's criteria [3] . Mange-compatible lesions in the skin were found in 12 of the 27 raccoon dog carcasses. Mites were isolated from 11 of 12 raccoon dogs that showed lesions. All mites were identified as S. scabiei (Fig. 2) . Thus, 91.7% of raccoon dogs with alopecia were infested with S. scabiei, indicating that sarcoptic mange in raccoon dogs was endemic in our study area.
These results suggest that it is reasonable to assume that raccoon dogs with alopecia recorded in camera trap videos are infested with S. scabiei. The mating season of raccoon dogs starts in February, offspring are born in April-May, and the dispersion of juveniles starts in early autumn [5, 29] . Therefore, the RAI of raccoon dogs without alopecia tended to increase toward autumn each year (Fig. 4) . The home range of raccoon dogs between spring and summer tends to decrease because both females and males participate in offspring care [5, 29] . This seasonal behavioral pattern may explain the decrease in RAI from spring to early summer. Thus, seasonal changes in the RAI of raccoon dogs may largely be related to breeding habits. However, the RAI of raccoon dogs without alopecia exhibited the greatest increase in the autumn and winter of 2012 (Fig. 4) , and it is reasonable to assume that the raccoon dog population density increased during this period. Therefore, sarcoptic mange epizootics were detected in the summer of 2013, following increases in population density in the autumn and winter of 2012; in other words, a high relative population density may be a factor in epizootics of sarcoptic mange in raccoon dogs. It is also possible that the RAI of raccoon dogs without alopecia increased prior to the summer of 2011.
Various factors, such as roadkill rates, hunting pressure, and availability of food resources, have an effect on the population density of raccoon dogs [4, [21] [22] [23] . It is possible that factors other than sarcoptic mange were related; however, in our study area, the number of raccoon dog carcasses attributed to pest control did not exhibit significant changes [27] . Therefore, the epizootic of sarcoptic mange may have been linked to changes in population density in this area. On the other hand, after the summer of 2013, a few raccoon dogs with alopecia were consistently observed, and the RAI of all raccoon dogs reached a minimum in the summer of 2016. This suggested that sarcoptic mange persisted in the raccoon dog population and may have influenced changes in population density over an extended period of time.
The results of this study indicate that epizootics of sarcoptic mange in raccoon dogs may be related to a high relative population density. Considering that the home range of raccoon dogs is approximately 0.1-6 km 2 [6, 22, 32] , a larger study area with longer surveillance periods might be required for more detailed analyzes. It remains unclear how S. scabiei is transmitted and epizootics of mange are triggered when the population density is high.
Epizootic of sarcoptic mange in raccoon dogs may increase the risk of S. scabiei transmission to other wild mammals and/or domestic animals. Previous studies have reported that S. scabiei derived from raccoon dogs, domestic dogs, and other wild animals are very closely related at the genetic level [9, 11, 12] . Epizootics of sarcoptic mange in raccoon dogs have important implications for veterinary medicine and wildlife conservation. Therefore, it is necessary to comprehensively understand the transmission patterns of mites and the risk of mange transmission to other animal taxa.
